We have continued our investigation of the charge-exchange reaction K + Xe → K 0 pXe ′ in the bubble chamber DIANA. In agreement with our previous results based on part of the present statistics, formation of a narrow pK 0 resonance with mass of 1537 ± 2 MeV/c 2 is observed in the elementary transition K + n → K 0 p on a neutron bound in the Xenon nucleus. Visible width of the peak is consistent with being entirely due to instrumental resolution and allows to place an upper limit on its intrinsic width: Γ < 9 MeV/c 2 . A more precise estimate of the resonance intrinsic width, Γ = 0.36 ± 0.11 MeV/c 2 , is obtained from the ratio between the numbers of resonant and non-resonant charge-exchange events. The signal is observed in a restricted interval of incident K + momentum, that is consistent with smearing of a
Introduction
The interest in multiquark baryon states was revived by D. Diakonov, V. Petrov, and M. Polyakov [1] who were able to derive fairly definite predictions for the low mass and unusually small width (Γ ≤ 15 MeV/c 2 ) of the strange pentaquark with J P = 1/2 + and S = 1, the Θ + (1530). They were also able to convince the experimentalists of LEPS at SPring-8 and DIANA at ITEP Moscow to test these predictions in low-energy photoproduction and K + -nucleus collisions, respectively. The enhancements near 1540
MeV/c 2 in the nK + and pK 0 effective-mass spectra, that were almost simultaneously detected by LEPS [2] and DIANA [3] , touched off a wave of experimental searches for the Θ + baryon that yielded positive observations as well as null results (the rapidly evolving experimental situation is described in, e.g., [4] ). Recently, the CLAS experiment reported null results of high-statistics searches for the Θ + in photoproduction on hydrogen [5] and deuterium [6] . In the BELLE experiment at the KEKB asymmetric e + e − collider, interactions of secondary particles with detector material were used for studying the charge-exchange reaction K + n → K 0 p in the K + momentum region below some 2 GeV/c.
No signal from formation of the Θ + baryon was observed, and an upper limit on the Θ + intrinsic width was imposed: Γ < 0.64 MeV/c 2 for m(Θ + ) = 1539 MeV/c 2 [7] . On the other hand, the LEPS and SVD-2 experiments were able to confirm their earlier positive observations at higher statistical levels in γD collisions with E γ ≤ 2.4 GeV [8] and in pA collisions at E p = 70 GeV [9] , respectively.
The charge-exchange reaction K + n → K 0 p on a bound neutron, that is investigated by DIANA [3] and BELLE [7] , is particularly interesting because it allows to probe the Θ + intrinsic width in a model-independent manner [10, 12, 11, 13 ]. Yet another important advantage of the latter process is that the strangeness of the final-state pK 0 S system is a priori known to be positive. In this paper, we update the results reported in [3] by analyzing a bigger sample of the charge-exchange reaction K + n → K 0 p in low-energy
2 The experiment and the data
The bubble chamber DIANA filled with liquid Xenon was exposed to a separated K + beam with momentum of 850 MeV/c from the 10-GeV ITEP proton synchrotron. The density and radiation length of the fill are 2.2 g/cm 3 and 3.7 cm, respectively. The chamber has a total volume of 70 × 70 × 140 cm 3 viewed by photographic cameras, and operates without magnetic field [14] . Charged particles are identified by ionization and momentum-analyzed by range in Xenon. In the fiducial volume of the bubble chamber, reaction K + n → K 0 p without rescatterings. In order to reduce the total volume of measurements, a lower cutoff was imposed on the K + track length before interaction (see further). The selected events are then fully measured and reconstructed in space using specially designed stereo-projectors similar to those proposed in [15] . In particular, we Further details on the experimental procedure can be found in [16, 17] . The quality of the data is best reflected by experimental resolution on effective mass of the pK 0 system, estimated as σ m ≃ 3.0 MeV/c 2 from the simulation. The latter estimate is consistent with the width of the Λ → pπ − peak measured in a previous experiment with the same detector [18, 3] .
This work is based on a sample of 2131 fully measured events of the charge-exchange reaction K + Xe → K 0 pXe ′ , that comprises the "old" data analyzed in [3] as well as the "new" data analyzed here for the first time. The K + range before interaction was required to exceed 550 mm for the "old" data, and 520 mm for the "new" data. On average, this corresponds to K + momentum cutoffs of p beam < 530 and 560 MeV/c, respectively (the correspondence is not exact since beam momentum varied by some ±20 MeV/c in different exposures). For all measured events of the reaction K + Xe → K 0 pXe ′ , momentum spectra of incident kaons are separately plotted for the old and new data in Fig. 1 . Note that compared to our earlier analysis [3] , the statistics of the charge-exchange reaction has nearly doubled, and mean K + momentum has increased from 470 to 500 MeV/c.
Expanding the range of K + momentum allows to probe the lineshape of the putative pK 0 resonance that is smeared by Fermi motion of the target nucleon, see further.
The simulation and the effects of rescattering
Rescattering of either the K 0 or proton in the Xenon nucleus distorts the effective mass of the pK 0 system originally formed in the charge-exchange reaction K + n → K 0 p. In order to suppress the background arising from rescatterings, the following selections were used in our previous analysis [3] : Θ p < 100 0 , Θ K < 100 0 , and Φ > 90 0 . Here, Θ K and Θ p are The validity of these selections was verified by the theoretical analysis [19] .
We demonstrate the rejection power of the above selections to rescatterings using a simple Monte-Carlo simulation of the charge-exchange reaction K + n → K 0 p in nuclear environment. In the simulation, total energy of a bound neutron is parametrized as
, where m N is the mass of a free neutron, ǫ is the mean binding energy, and p n is Fermi momentum [19] . For the Xenon nucleus, we assume ǫ = 7
MeV and use a realistic form of the Fermi-momentum distribution with maximum near 170 MeV/c. The flux of incident K + mesons as a function of K + momentum is inferred from the observed distribution of K + range in Xenon before interaction or decay, see [3] .
The effects of apparatus resolution and measurement errors are included in the simulation.
Rescattering in the nucleus is not accounted for. In the distributions to follow, the number of simulated events is normalized to that of observed ones prior to cuts.
We find that the selections Θ p < 100 0 , Θ K < 100 0 , and Φ > 90 0 reject some 12% of the simulated rescattering-free events (∼ 11% without Φ > 90 0 ), and as much as ∼ 46% of all live events of the reaction K + n → K 0 p detected in our experiment. This shows that the above selections significantly reduce the fraction of rescattered events in the sample.
For the binary reaction considered, it is straightforward to estimate the mass of the effective target, m The width of the observed pK 0 peak is consistent with being entirely due to instrumental smearing and allows to place an upper limit on intrinsic width: Γ < 9 MeV/c 2 . On the other hand, intrinsic width of a pK 0 resonance formed in the charge-exchange reaction
where N peak and N bkgd are numbers of events in the peak and in the charge-exchange background under the peak, σ CE = 4.1 ± 0.3 mb is the cross section for
, B i and B f are branching fractions for the initial and final states (B i = B f = 1/2), and ∆m is the m(pK 0 S ) interval under the peak that is populated by N bkgd background events. From the signal-to-background ratio observed in our previous analysis [3] , the Θ + width was estimated in [11] as Γ = 0.9 ± 0.3 MeV/c 2 . The assumption was made that the cuts adopted in [3] reduced the resonant and non-resonant charge-exchange processes by the same factor, and systematic uncertainties associated with rescattering in the nucleus could not be evaluated. But as soon as the Θ + decay width is ∼ 1 MeV or less, the bulk of produced Θ + baryons will decay outside of the nucleus giving rise to pK 0 pairs that are not affected by rescatterings. The latter assumption is indirectly supported by the data:
we see that expanding the p beam interval beyond the resonant region rapidly degrades the signal-to-background ratio while the Θ + signal remains the same within errors. So for a self-consistent determination of Γ, the "original" rather than observed number of nonresonant pK 0 pairs under the Θ + peak should be substituted in the above formula.
We estimate the non-resonant pK is estimated as N bkgd ≃ 310 ± 47 events. Substituting this value in the above formula together with the observed signal for the same selections, N peak = 60 ± 15 events, we obtain Γ = 0.36 ± 0.11 MeV/c 2 where the error does not include systematic uncertainties of the simulation procedure. This experimental estimate has been obtained assuming that the bulk of produced Θ + baryons neither decay nor reinteract inside the nucleus. Our estimate of the Θ + intrinsic width does not contradict the upper limit set by BELLE [7] .
Summary and conclusions
To summarize, a narrow pK 0 resonance has been observed in the charge-exchange reaction 
